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220Objectives: Limited data are available regarding the surgical strategies for an anomalous origin of the coronary
artery from the pulmonary artery (ACAPA) in adulthood. We reviewed our surgical experience with ACAPA in
adults.
Methods: From January 1960 to July 2011, 10 adults (30% men), aged 18 to 78 years (median, 43), underwent
surgical repair of ACAPA. Anomalous left (ALCAPA) was present in 7, anomalous right (ARCAPA) in 2, and
anomalous left anterior descending artery in 1. Most (90%) were symptomatic, with 7 (70%) having ischemic
changes on a preoperative at rest or stress electrocardiogram. One patient had undergone previous ligation of
ALCAPA in childhood. The mean left ventricular ejection fraction was 56% 10%, with mild dysfunction in 4.
Results:Of the 10 patients, 7 underwent repair by coronary artery button transfer to the aorta, with 2 requiring an
interposition saphenous vein graft. In 3 patients, coronary transfer was not possible, and coronary artery bypass
grafting with closure of the ACAPAwas performed. The mean follow-up was 8.6 years (maximum, 37). Two late
deaths occurred from noncardiac causes. One patient with ALCAPA who underwent direct reimplantation
subsequently required coronary artery bypass grafting for left main stenosis, likely secondary to tension. At
the last follow-up visit, all patients were in New York Heart Association class I or II. The postoperative left
ventricular ejection fraction was similar at 53%  9%; No significant improvement was seen in those with
below normal ejection fraction.
Conclusions: Establishment of a dual coronary artery system with coronary transfer is preferred, even if an
interposition graft is required. Coronary artery bypass grafting with closure of ACAPA should be reserved
for when coronary transfer is not feasible. Surgical correction of ACAPA should be considered before the onset
of left ventricular dysfunction. (J Thorac Cardiovasc Surg 2014;148:220-4)Earn CME credits at
http://jtcvs.com/cme/home
An anomalous origin of the coronary artery from the
pulmonary artery (ACAPA) is a rare congenital anomaly.
An anomalous origin of the left coronary artery (ALCAPA)
is more common, accounting for 1 in 300,000 live births
and 0.25% to 0.5% of all congenital heart disease.1 An
anomalous origin of the right coronary artery from the
pulmonary artery (ARCAPA) is less frequent, with an
estimated occurrence of 0.002%.2
ACAPA leads to a coronary steal phenomenon, with left to
right shunting into the pulmonary artery resulting in ischemiae Divisions of Cardiovascular Surgerya and Cardiovascular Diseases,b Mayo
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The Journal of Thoracic and Cardiovascular Surgto the ventricles. ALCAPA is commonly symptomatic and
diagnosed at infancy. If untreated, it has been estimated that
approximately 90% will die within the first year of life.1,3
Thus, the presence of ALCAPA in adults is rare. ALCAPA
in adults can present clinically as a silent or symptomatic
myocardial infarction, left ventricle dysfunction, or severe
valvular pathologic features.1 It is also known to present as
sudden death in adults.1-4 However, ARCAPA has
frequently been diagnosed in childhood or adulthood on
investigation for an incidental murmur.2,4,5
Various surgical approaches for ACAPA have been
described with their associated advantages and disadvan-
tages. Consensus for re-establishment of a 2-coronary
system is definite. A review of the published data for both
ALCAPA and ARCAPA in adults revealed isolated case
reports and a few small case series.4-8 We thus sought to
review the various surgical approaches and outcomes and
report a case series of 10 adult patients who underwent
surgical correction at our institution.METHODS
We performed a retrospective search of our patient database for the
records of patients who had undergone surgical correction of isolated
ACAPA at an adult age from January 1960 to July 2011 at the Mayo Clinic
(Rochester, Minn). The Mayo Clinic institutional review board reviewedery c July 2014
Abbreviations and Acronyms
ACAPA ¼ anomalous origin of coronary artery
from pulmonary artery
ALCAPA ¼ anomalous origin of left coronary artery
from pulmonary artery
ARCAPA ¼ anomalous origin of right coronary
artery from pulmonary artery
LAD ¼ left anterior descending artery
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surgical correction of ACAPA during that period. Of these 11 patients, 8
underwent surgery for ALCAPA, 2 for ARCAPA, and 1 for an anomalous
origin of the left anterior descending artery (LAD). One of our patients with
ALCAPA did not agree to research and was omitted from the present study.
The median age of the 10 included patients was 43 years (range, 18-78).
Of the 10 patients, 3 were men (30%) and 7 were women (70%). The
presenting symptoms included shortness of breath in 6 patients, angina
or chest pain in 2, and syncope in 1. One patient was asymptomatic and
had undergone investigation because of detection of left bundle branch
block on an electrocardiogram. All symptomatic patients were in New
York Heart Association class III or greater. The patient characteristics
are listed in Table 1.
Of the 10 patients, 7 (70%) had ischemic manifestations on the
electrocardiogram or on a stress test, with 4 patients with ALCAPA
showing ischemic changes on the electrocardiogram at rest. One patient
with ALCAPA presented with recurrent atrioventricular nodal re-entrant
tachycardia and demonstrable exercise-induced ischemia on stress testing,
and both patients with ARCAPA demonstrated exercise-induced ischemia
on stress testing. The diagnosis was made predominantly from the
transthoracic echocardiographic, computed tomographic angiographic,
and coronary angiographic findings (Figure 1).
The mean left ventricular ejection fraction was 56%  10%. Four
patients with ALCAPA had a mild to moderate decrease in left ventricular
function. Of these 4 patients, 2 showed features of global wall hypokinesia,
and in 2, it was localized. One patient with ALCAPA had moderate mitral
regurgitation due to myxomatous disease, and 3 patients, including 1 with
ARCAPA, had mild mitral regurgitation.
RESULTS
Surgical Techniques
Once diagnosed with ACAPA, all the patients were
advised to undergo surgical correction. Cardiopulmonary
bypass was established with high aortic and right atrial
venous cannulation. Cardioplegic arrest was performed
with antegrade root cardioplegia with occlusion of the
visible anomalous origin or occlusion of the main or branch
pulmonary arteries. The main pulmonary artery was
incised, and the location of the orifice of the ACAPA was
identified. ALCAPA was commonly seen to be arising
from sinus 1-posterior and left (5 of 7 patients); in both
patients with ARCAPA, the origin was from sinus 2
(posterior and right). Finally, in the patient with an
anomalous LAD, it arose from sinus 3 or the nonfacing
sinus of the pulmonary artery (Table 1).
A coronary buttonwas created for transfer on to the aorta in
7 patients. On occasion, the small collateral branches be-
tween the great arteries were divided during the dissectionThe Journal of Thoracic and Ca(Figures 2 and 3). Direct button transfer was done in 3
patients with ALCAPA and in both patients with ARCAPA.
Two patients with ALCAPA required an interpositional
vein graft to ensure an adequate length when mobilization
of the left coronary button was difficult. However, 3
patients (2 with ALCAPA and 1 with an anomalous LAD)
underwent coronary artery bypass grafting (CABG). One of
these patients had undergone a previous sternotomy and
ligation of the left main coronary artery for ALCAPA at 5
years of age and was not suitable for button transfer. The
second patient required multiple bypass grafts because of
native coronary artery disease. The third patient had an
anomalous origin only of the LAD from the pulmonary
artery and the circumflex artery arose from the aorta at its
normal location. This patient underwent left internal
mammary artery to LAD bypass grafting.
Only 1 patient in our series required mitral valve repair
with a band annuloplasty for moderate mitral valve
regurgitation. The valve appeared myxomatous in etiology
and was not consistent with an ischemic etiology.
No early mortalities occurred. Most patients had an
uneventful recovery. One patient required re-exploration
for bleeding, and another was diagnosed with an incidental
thrombus in the right pulmonary artery that was treated
successfully with anticoagulation.
Follow-up Data
The follow-up data were complete for all patients, with
a mean follow-up of 8.6  10.6 years (maximum, 37). Two
late mortalities occurred. Neither of the deaths were related
to cardiac ischemia, with cause of death secondary to a
neurologic event in one and pulmonary failure in the other.
During the follow-up period, a 19-year-old woman
developed sudden cardiac arrest 1 year after she had
undergone button transfer for ALCAPA. She was found to
be in ventricular fibrillation and was resuscitated. On
additional investigation, she was found to have stenosis of
the left main coronary artery. She required reoperation
with CABG of the left internal mammary artery to the
LAD and placement of an internal cardiac defibrillator.
This stenosis could have resulted from anastomotic tension
in the direct button transfer.
All the surviving 8 patients were in New York Heart
Association class I or II during the follow-up period. Three
patients were found to have persistent atrial fibrillation
during late follow-up and were treated with anticoagulation.
The follow-up echocardiograms showed a mean left
ventricular ejection fraction of 53%  10% and antegrade
flow from the anastomotic button in the patients with button
transfer. The heart function remained well preserved in
patients who had undergone surgery with a normal ejection
fraction. The patients with mild left ventricular dysfunction
preoperatively did not show any improvement in heart
function after surgical correction.rdiovascular Surgery c Volume 148, Number 1 221
TABLE 1. Patient characteristics
Pt. no. 1 2 3 4 5 6 7 8 9 10
Age (y) 51 48 44 42 22 18 34 62 78 34
Gender F F M F F F F M F M
Presenting
symptom
SOB SOB Angina Syncope SOB Asymptomatic SOB Post-MI,
angina
SOB SOB
Coronary anomaly ALCAPA ALCAPA ALCAPA ALCAPA LAD ALCAPA ALCAPA ALCAPA ARCAPA ARCAPA
Location of
ACAPA inMPA
sinus
1 1 2 1 3 2 1 1 2 2
Preoperative
LVEF (%)
65 69 61 43 50 61 40 50 61 64
Mitral valve
incompetence
0 3 0 0 0 1 1 0 1 0
Surgery type BT CABG þ MV
repair
BT with IPVG BT CABG BT BTwith IPVG CABG BT BT
Mean follow-up (y) 5.1 5.7 7.0 0.4 2.5 6.9 37 10.4 10 0.8
Follow-up NYHA
class
2 2 1 2 1 1 2 — — 1
Last follow-up
LVEF (%)
58 50 60 36 50 58 44 47 60 63
Late mortality (n) 0 0 0 0 0 0 0 1 1 0
Pt. no., Patient number; F, female; M, male; SOB, shortness of breath; MI, myocardial infarction; ALCAPA, anomalous origin of left coronary artery from pulmonary artery;
LAD, left anterior descending artery; ARCAPA, anomalous origin of right coronary artery from pulmonary artery; ACAPA, anomalous origin of coronary artery from pulmonary
artery;MPA, main pulmonary artery; LVEF, left ventricular ejection fraction; BT, button transfer; CABG, coronary artery bypass grafting;MV, mitral valve; IPVG, interposition
vein graft; NYHA, New York Heart Association.
Congenital Heart Disease Rajbanshi et al
C
H
DDISCUSSION
The present review represents our experience with
surgical strategies for ACAPA in adults. Although a small
cohort, the present study is the largest series of adult
patients to date. Pena and colleagues1 stated that the extent
of acquired collateral circulation between the right coronary
artery and left coronary artery during the critical period
when pulmonary artery pressure gradually decreases in
infancy determines the extent of myocardial ischemia.FIGURE 1. Computed tomographic reconstruction showing right
coronary artery arising from the main pulmonary artery.
222 The Journal of Thoracic and Cardiovascular SurgThe increasing incidence of survival of patients with
ACAPA into adulthood has led to the postulation of the pre-
requisite of extensive collateral flow from a nonanomalous
coronary artery.1 In ACAPA, preferential blood flow into
the low-pressure pulmonary circulation is present, causing
a left to right shunt and resulting in a steal phenomena,
which results in chronic ischemia, congestive heart failure,
and, rarely, sudden death.1-4,6-9
Uncommonly, patients with ALCAPAwill be asymptom-
atic,6,10 with only 1 patient in our series asymptomatic.
Patients with ARCAPA have been thought to beFIGURE 2. Intraoperative image showing multiple large collaterals
(arrows) arising from the right coronary artery from anomalous origin of
left coronary artery from pulmonary artery in 1 patient.
ery c July 2014
FIGURE 3. A, Intraoperative image showing the coronary button transferred into the aorta of 1 patient with anomalous origin of the left coronary artery
from the pulmonary artery. B, Intraoperative image after button transfer of anomalous origin of the right coronary artery from the pulmonary artery into the
aorta.
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regarding surgical intervention versus conservative
treatment.11 However, Radke and colleagues,12 in a review
of an ARCAPA patient database, found that only 41%
patients were asymptomatic, with documented ischemia
in 40% of the patients. Furthermore, their study results
confirmed the inability of the large dilated coronary arteries
to appropriately fill the coronary sinus owing to the
steal phenomena, with the coronary flow reserve poor until
surgical correction.12 Others have also demonstrated
the coronary steal phenomenon in adult patients with
ARCAPA.9 Both of our patients with ARCAPA were
symptomatic, although 1 had presented at an advanced age.
We advocate surgical correction for all cases of ACAPA,
because the patients will continue to have a progressively
increasing left to right shunt and poor coronary reserve
and will be predisposed to ischemia, arrhythmia, and
sudden death.
Numerous surgical techniques have evolved over time.
Simple ligation of the ACAPA, resulting in a single
coronary artery system, has been associated with the
development of subendocardial ischemia, angina, and
sudden death.13-16 Because of the increase in mortality
after isolated left main ligation, Backer and colleagues16
concluded that survivors should undergo elective establish-
ment of a 2-coronary system.
Surgery for a 2-coronary system has involved various
strategies, with the coronary button transfer favored in
infants and children.17 In adults, direct implantation of the
coronary artery is more difficult because of the friability
of the vessels and loss of elasticity for mobilization, making
the procedure technically difficult.15 We have modified our
technique by using an interposition vein graft whenever
mobilization is difficult for a direct button transfer. WeThe Journal of Thoracic and Carecommend the use of saphenous vein or polytetrafluoro-
ethylene tube grafts (Gore-Tex; W. L. Gore and Associates,
Flagstaff, Ariz) when direct coronary button transfer is not
feasible. Although theoretically short segment interposition
vein or substitute grafts have a potential unknown risk of
stenosis, with antiplatelet therapy postoperatively, we
have not seen these issues.
CABGwith occlusion or ligation of the anomalous origin
is an alternative strategy.18,19 With bypass grafting for
ACAPA, concern exists about competitive flow from the
large collaterals, affecting graft patency. After bypass
grafting with vein grafts for ALCAPA, graft patency with
a decrease in the right coronary artery size and regression
of the collaterals has been noted at 3 to 5 years after the
initial repair.20 This shows that for collaterals to regress,
the grafts must remain patent for this duration. Should grafts
occlude, left main disease could develop.21 Thus, our
preference would be to avoid CABG, unless a tension free
button transfer with or without an interposition graft could
not be performed or when patients have native coronary
lesions.
CONCLUSIONS
ACAPA in adults is a rare congenital anomaly. With
improvement in the diagnostic tools, an increasing number
of cases of ACAPA in adults will be detected. We
recommend surgical correction once diagnosed, because
the risk of myocardial ischemia and sudden death exists.
Furthermore, it should be considered before the onset of
left ventricular dysfunction. Coronary button transfer and
the use of an interposition vein graft or a substitute when
required is preferred for a 2-coronary system repair.
CABGwith closure of ACAPA should be reserved for those
in whom coronary transfer is not feasible.rdiovascular Surgery c Volume 148, Number 1 223
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